Introduction {#s1}
============

Growth charts are essential and universally used for evaluating growth and development of children in both clinical settings and in public health examinations ([@r1], [@r2]). We previously reported the growth standards for Japanese children with percentile values based on the year 2000 national survey data ([@r3]), which were established by the lambda-mu-sigma (LMS) method ([@r4]). These standards have been widely used mainly in public health examinations. In clinical practices, Japanese physicians preferably assess growth with standard deviation (SD) scores, because many physicians feel that percentiles are not suitable for monitoring children with extreme growth retardation. Considering this, we created practical growth charts with mean and SD values, based on the criteria of the national medical aid program for specific pediatric chronic diseases by using the eye-fitting method ([@r5]). Although these charts have been widely used in clinical settings, they do not reflect the correct distributions of height and weight for Japanese children, especially the weight chart. Weight is not usually distributed normatively, but the practical weight chart was made with the assumption of a normal distribution. To this end, we saw the need for growth standards that can be used appropriately both for clinical and public health purposes. Therefore, we reanalyzed the previously reported growth standard charts with percentile values ([@r3]) and constructed the growth standards with mean and SD values for Japanese children, which would be applicable not only for clinical practices but also for public health examinations.

Methods {#s2}
=======

We used the same datasets as those in our previous report ([@r3]). In short, we used the data obtained from the national survey in year 2000. The data included 18,550 anthropometric measurements of babies and infants surveyed by the Ministry of Health, Labour and Welfare and 695,600 anthropometric measurements of school children surveyed by the Ministry of Education, Culture, Sports, Science and Technology. [Table 1](#tbl_001){ref-type="table"}Table 1Age distribution of the numbers of measurements used for analysis shows the age distribution of the numbers of measurements used for the analysis. To establish the growth charts, the LMS method ([@r4]) was used, with the assumption that the data could be transformed to a normal distribution by utilizing a suitable power transformation (L), and the distribution was summarized by the median (M) and coefficient of variation (S). The three curves (L, M, and S) were fitted and smoothed by polynomial functions with several knots, which were determined by inspecting the curves to be fitted ([@r6]). The polynomial functions were determined by the least sum of the squared residuals. The adjustments for ridges of near adult ages were performed by Quo's method ([@r7]).

The values of L, M, and S were constrained to change smoothly with age, and fitted values could be used to construct any required centile curves. The SD score (Z-score) of each measurement (y value) could be calculated from the L, M and S curves, using values appropriate for the age and gender, with the following equation: Z = \[(y/M)^L--1^\] / (L × S), or Z = ln (y/M)/S if L = 0.

Results {#s3}
=======

The values of smoothed L, M, and S for height and weight are shown in [Tables 2](#tbl_002){ref-type="table"} and[3](#tbl_003){ref-type="table"}Table 2LMS values of height for Japanese childrenTable 3LMS values of weight for Japanese children, respectively. With these values, growth charts with mean and SD values were constructed, and these charts are presented in [Fig. 1](#fig_001){ref-type="fig"}Fig. 1.Height growth charts with mean, ± 1 SD, and ± 2 SD lines (Z-score lines) for Japanese male (a) and female (b) children. (a, height for males; b, height for females) and [Fig. 2](#fig_002){ref-type="fig"}Fig. 2.Weight growth charts with mean, ± 1 SD, and ± 2 SD lines (Z-score lines) for Japanese male (a) and female (b) children. It should be noted that the intervals between neighboring lines are not equal because of the skewed distribution of weight. (a, weight for males; b, weight for females).

Discussion {#s4}
==========

We established growth standard charts with mean and SD values for Japanese children. They were constructed by the LMS method, which we believe is one of the most widely applied approaches ([@r8]). In addition, growth charts constructed by the LMS method allowed us to draw any kind of centile curve and convert measurements into an exact SD score (Z-score) by using the resulting L, M, and S curves. This means that values shown by percentiles can easily be converted to those with SD scores.

The new height chart is comparable to the existing practical height chart within ± 2 SD lines ([@r5]), but the values outside that range are slightly different. Therefore, physicians should be cautious in their judgments when considering adaptation of their patients' measurements to the national medical aid program for specific pediatric chronic diseases.

On the other hand, the new weight chart is totally different from the existing practical weight chart (5). Although the practical chart was drawn under the hypothesis of a normal distribution for weight, the weight distribution is not generally normal. Thus, we constructed the new chart with mean and SD values to represent the actual weight distributions. Moreover, we could calculate SD scores from measurements using the L, M, and S values presented in this article, because the new chart is constructed by the LMS method. We recommend that physicians should use this new weight chart in their clinical practices.

In conclusion, our study provides growth standards for Japanese children with mean and SD values, which could be widely used in clinical practices and in public health examinations.
